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ABSTRACT
We investigate an abstract conceptualisation of Digital
Ecosystems from a computer science perspective. We then
provide a conceptual framework for the cross pollination
of ideas, concepts and understanding between different
classes of ecosystems through the universally applicable
principles of Complex Adaptive Systems (CAS) modelling.
A framework to assist the cross-disciplinary collaboration of
research into Digital Ecosystems, including Digital Business
Ecosystems (DBEs) and Digital Knowledge Ecosystems
(DKEs). So, we have defined the key steps towards
a theoretical framework for Digital Ecosystems, that is
compatible with the diverse theoretical views prevalent.
Therefore, a theoretical edifice that can unify the diverse
efforts within Digital Ecosystems research.
Keywords
Complex Adaptive Systemss, Multi-Agent Systems, Busi-
ness Ecosystems, Knowledge Ecosystems
1. INTRODUCTION
Conceptualising ecosystems has been an inherent part
of efforts, which presents us with an opportunity to for-
malise our current and future efforts to improve the cross-
disciplinary knowledge transfer required.
In the creation of Digital Ecosystems [5, 9, 4, 6] we con-
sidered aspects of biological ecosystems, including Agent-
Based Modelling (ABM) [20] and CAS [25], and then
constructed their counterparts in Digital Ecosystems. After
which we considered the possibility of a Generic Ecosystem
definition [4], because we made use of a direct unidirectional
flow of information and models from biological ecosystems
to Digital Ecosystems as shown in Figure 1. Without
the Generic Ecosystem concept some of the counterparts
of biological ecosystems that we constructed in Digital
Ecosystems appeared to be compromised, when they were
actually the realisation of generic abstract concepts. Most
notably the network structure, which is energy-centric in
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Figure 1: Creation of Digital Ecosystems: We
considered aspects of biological ecosystems, using a
direct unidirectional flow of information and models
from biological ecosystems to Digital Ecosystems.
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Figure 2: Hypothetical Abstract Ecosystem
Definition: Given an abstract ecosystem class in
the UML, then the Digital Ecosystem and biological
ecosystem classes would both inherit from it, but
implement its attributes differently.
biological ecosystems [1], while information-centric in Digi-
tal Ecosystems, as shown in Figure 2. So, given an abstract
ecosystem class in the UML, then the Digital Ecosystem and
biological ecosystem classes would both inherit from it, but
implement its attributes differently. So, we argued that the
apparent compromises in mimicking biological ecosystems
were actually features unique to Digital Ecosystems [4].
Therefore, there is potential to create a Generic Ecosystem
definition, using a suitable modelling technique such as CAS
[46], which would abstractly define the key properties of
an ecosystem, and would theoretically be applicable to any
domain where the modelling technique has been applied.
We can create a definition of a Generic Ecosystem
based on CAS, making use of the ABM and Multi-Agent
Systems (MASs),1 which will define the key properties of an
ecosystem, in any domain, in an abstract extensible form.
1An ABM is a class of computational models for simulating
the actions and interactions of autonomous agents with
a view to assessing their effects on the system as a
whole. It combines elements of game theory, complex
systems, emergence, computational sociology, MASs, and
evolutionary programming.
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Therefore, the Generic Ecosystem definition will provide a
framework for the application of ideas, concepts, and models
from one class of ecosystem to another, including Digital,
Business and Knowledge Ecosystems. Naturally, biological
ecosystems will be the main source of information for the
conceptualisation of the Generic Ecosystem.
2. BIOLOGICAL ECOSYSTEMS
In order to create a Generic Ecosystem we will consider
biological ecosystems in terms of the key properties, be-
haviours and structures. These were considered extensively
[4, 9, 8], and so we will summarise the main findings.
Ecosystems are often described as CAS, because like
them, they are systems made from diverse, locally interact-
ing components that are subject to selection. Other CAS
include brains, individuals, economies, and the biosphere.
All are characterised by hierarchical organisation, continual
adaptation and novelty, and non-equilibrium dynamics.
These properties lead to behaviour that is non-linear,
historically contingent, subject to thresholds, and contains
multiple basins of attraction [25]. The features of these
systems, especially non-linearity and non-equilibrium dy-
namics, offer both advantages and hazards for adaptive
problem-solving. The major hazard is that the dynamics
of CAS are intrinsically hard to predict because of the non-
linear emergent dynamics [26]. The occurrence of multiple
basins of attraction in CAS suggests that even a system that
functions well for a long period may suddenly at some point
transition to a less desirable state [18]. Non-linear behaviour
provides the opportunity for scalable organisation and the
evolution of complex hierarchical solutions, while rapid state
transitions potentially allow the system to adapt to sudden
environmental changes with minimal loss of functionality
[25].
In creating Digital Ecosystems, the digital counterpart of
biological ecosystems, we naturally asked their likeness to
the biological ecosystems from which they came [4]. Further
to this, we could consider the applicability of other aspects
of ecosystems theory in understanding and analysing the
dynamics of Digital Ecosystems. For example, energy
pyramids2 of biological ecosystems, what is their equivalent
2Energy pyramids show the dissipation of energy at trophic
levels, positions that organisms occupy in a food chain, e.g.
producers or consumers [40].
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Figure 3: Biological Ecosystem: Key properties,
behaviours and structures based on our understand-
ing from [4, 9, 8]. This mind-map will allow for
the easy transition of understanding from biological
ecosystems to the Generic Ecosystems.
in Digital Ecosystems? Given that Digital Ecosystems
are information-centric, whereas biological ecosystems are
energy-centric [1], they would undoubtedly be information
pyramids, but further definition would naturally require
more research.
So, we can define a framework for understanding biolog-
ical ecosystems, with the aim of applying that understand-
ing to Digital Ecosystems, through a Generic Ecosystem
definition. Our understanding of a biological ecosystem
is summarised as a mind-map in Figure 3. This mind-
map will allow for the easy transition of understanding
from biological ecosystems to the Generic Ecosystem. It
can also be easily extended if and when we find new and
relevant understanding, given that research into biological
ecosystems is ongoing.
3. GENERIC ECOSYSTEM
The Generic Ecosystem will provide a framework for the
application of ideas, concepts of models from one class of
ecosystem to another, which will be fundamental when
combining different classes of ecosystems to create and
define applied Digital Ecosystems. Biological ecosystems
can be considered in terms of ABM [20] and CAS, leading
us to define a Generic Ecosystem in terms of MAS and
CAS, with agents to represent organisms and a network to
represent the geographical landscape, as shown in Figure 4.
The evolution, change over time, is biological (Darwinian)
[13], and not the more general mathematical interpretation
often associated with CAS.
The instantiation of the Generic Ecosystem within a
specific domain will create a class of that type of system with
ecological properties. While some properties, behaviours,
and structures will transition easily between domains, as
counterparts already exist or can be easily constructed
(e.g. evolution), others will prove more challenging (e.g.
ecological dynamics).
Assuming the motivation for engineering an applied
Digital Ecosystem is the development of scalable, adaptive
solutions to complex dynamic problems, certain generalisa-
tions can be made from biological ecosystems. Sustained
diversity [18], is a key requirement for dynamic adapta-
tion. In any applied Digital Ecosystem, diversity must be
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Figure 4: Generic Ecosystem: Key properties, be-
haviours and structures based on our understanding
from biological ecosystems. The items in bold are
the ones that have changed to more generic concepts
from biological ecosystems, as defined in Figure 3.
balanced against adaptive efficiency because maintaining
large numbers of poorly-adapted solutions is costly. The
exact form of this trade off will be guided by the specific
requirements of the system in question. Stability [25], is
likewise, a trade-off: we want the system to respond to
environmental change with rapid adaptation, but not to
be so responsive that mass extinctions deplete diversity or
sudden state changes prevent control. This is an example
of the kind of cross ecosystem knowledge transfer to be
facilitated, which could be achieved through Biological
Design Patterns (BDPs). A design pattern is a general
reusable solution to a commonly occurring problem in
software design [19]. It is not a finished design that can
be transformed directly into code, but a description or
template for how to solve a problem that can be used in
many different situations [19]. For example, object-oriented
design patterns typically show relationships and interactions
between classes or objects, without specifying the final
application classes or objects that are involved [19]. A BDP
would extend this concept to catalogue common interac-
tions between biological structures using a pattern-oriented
modelling approach [21], which when applied would endow
systems with the desirable properties of biological systems,
such as self-organisation, self-management, scalability and
sustainability.
3.1 Digital Ecosystem
Figure 5 shows the key properties, behaviours and struc-
tures of a Digital Ecosystem, based on our understanding
of a Generic Ecosystem, with the concepts in bold having
changed to more domain specific ones. The concept
of agent from the Generic Ecosystem naturally maps to
software agents [5, 4]. The agents of the Digital Ecosystem
are functionally analogous to the organisms of biological
ecosystems, including the behaviour of migration and the
ability to be evolved [1], and will be achieved through using
a hybrid of different technologies. The ability to migrate
is provided by using the paradigm of agent mobility from
mobile agent systems [42], with the habitats of the Digital
Ecosystem provided by the facilities of agent stations from
mobile agent systems [30], i.e. a distributed network of
locations to migrate to and from.
The concept of evolution easily maps to evolutionary
computing, and therefore so does the concept of population,
to which the process of evolution applies [13]. However,
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Figure 5: Digital Ecosystem: Key properties, be-
haviours and structures based on our understanding
of a Generic Ecosystem, with the concepts in bold
having changed to more domain specific ones, e.g.
network to topology.
the specifics of applying evolutionary computing in Digital
Ecosystems required some consideration. To evolve high-
level software components in Digital Ecosystems, we pro-
posed taking advantage of the native method of software
advancement, human developers, and making use of evolu-
tionary computing [17] for combinatorial optimisation [41]
of the available software agents (which represent services).
This involves treating developer-produced software services
as the functional building blocks, as the base unit in a
genetic-algorithms-based process. Furthermore, such an
approach requires a modular reusable paradigm to soft-
ware development, such as Service-Oriented Architectures
(SOAs) [39].
Mapping the concept of network required more effort.
Specifically, a distributed information-centric dynamically
re-configurable network topology to support the constantly
changing multi-objective information-centric selection pres-
sures of a user base. This would allow for the connectivity
of its habitats to adapt to the connectivity within a user
base, with a cluster of habitats representing a community
within the user base. So, a network topology that will be
discovered with time, and which reflects the connectivity
within a user base [4, 5].
The mapping of dynamics (ecology) lead to novel form
of distributed evolutionary computation for our Ecosystem-
Oriented Architecture (EOA) [4, 5]. This novelty came from
the creation of multiple evolving populations in response to
similar requests, whereas in the island-models of distributed
evolutionary computing there are multiple evolving popu-
lations in response to only one request [27]. So, different
requests are evaluated on separate islands (populations),
with their evolution accelerated by the sharing of solutions
between the evolving populations (islands), because they
are working to solve similar requests (problems).
3.2 Social Ecosystem
According to Social Ecosystem theory, populations adapt
to their environment in order to survive, since it is in
the environment where they find the sustenance resources
needed for survival, but human populations are the only
ones to adapt to their environment through culture [16].
Therefore, culture may be considered an instrumental re-
sponse on the part of human populations in order to achieve
a better adaptation to their environment [22, 15]. Different
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Figure 6: Social Ecosystem: Key properties,
behaviours and structures based on our under-
standing of a Generic Ecosystem. The concept of
environment from the Generic Ecosystem maps to
that of society, while the concept of agent maps to
that of person.
forms of social organisation constitute cultural responses
to the problem of adaptation faced by any population
that must survive with the resources which it finds in its
environment. So, naturally the concept of agent from the
Generic Ecosystems maps to that of person, and the concept
of environment maps to that of society, as shown in Figure
6.
In biological ecosystems a community is a group of
interacting populations sharing an environment [1]. While
the concept of community is well established within Social
Ecosystems, there is no single agreed definition [31]. How-
ever, in summary, in communities, intent, belief, resources,
preferences, needs, risks, and a number of other conditions
may be present and common, affecting the identity of the
participants and their degree of cohesiveness [31]. The word
is often used to refer to a group that is organised around
common values and is attributed with social cohesion within
a shared geographical location, generally in social units
larger than a household. The word can also refer to
the national community or global community. Since the
advent of the Internet, the concept of community no longer
has geographical limitations, as people can now virtually
gather in an online community and share common interests
regardless of physical location. So, we can map the abstract
concept of community from the Generic Ecosystem to its
more domain specific variant.
The concept of evolution is mapped to that of co-
evolution, because the key differentiating point of a Social
Ecosystem from a social system is the interdependence
among the entities within it, which occurs through the phe-
nomenon of co-evolution [32]. The is consistent biologically,
because the environment is society, such that for any person
their environment is other people.
In a biological ecosystems, co-evolution is the evolution-
ary change of an organism triggered by the change of a
related organism [24]. Each party in a co-evolutionary
relationship exerts selective pressures on the other, thereby
affecting each others evolution. Co-evolution may occur in
a one-on-one interaction, such as that between predator and
prey, host-symbiont or host-parasitic pair, but many cases
are less clear-cut; a species may evolve in response to a
number of other species, each of which is also evolving in
response to a set of species. This situation has been referred
to as diffuse co-evolution [45], and for many organisms the
biotic (living) environment is the most prominent selective
pressure resulting in evolutionary change. We would suggest
that the same is true for Social Ecosystems, such that the
majority of its co-evolution is also diffuse.
3.3 Business Ecosystem
The concept of a business ecosystem [33] is well-defined
and is focused on the micro-economic view of business
networks, whereas the Business Ecosystem has a macro-
economic perspective [37]. However, it should not be con-
fused with ecological economics, which is a transdisciplinary
field that aims to address the interdependence of human
economies and biological ecosystems [12]. Therefore, the
concept of environment from the Generic Ecosystem maps
to that of the economy, as shown in Figure 7. While the
concept of an agent from the Generic Ecosystem naturally
maps to that of a business in the Business Ecosystem.
Business
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Figure 7: Business Ecosystem: Key properties,
behaviours and structures based on our under-
standing of a Generic Ecosystem. The concept of
environment from the Generic Ecosystem maps to
that of economy.
Each agent (business) is a participant which both influences
and is influenced by the environment (economy) of the
Business Ecosystem, which is made up of all the businesses,
consumers, and suppliers, as well as economic and legal
institutions [32].
Evolutionary theory is well understood within economics
[38], so the concept of evolution from the Generic Ecosys-
tems can be mapped to its more domain specific variant,
as can the concept of population to which the process
of evolution occurs [13]. However, ecosystems theory,
including ecological dynamics, is not well understood within
economics. We could use our efforts with Digital Ecosys-
tems as a case study, following the same process to define
Business Ecosystems. Alternatively, we could instead make
use of the Generic Ecosystem definition, because there is
extensive work on the ABM of economic systems [44], which
we can take advantage of in defining a CAS/MAS-based
definition for an Business Ecosystem.
3.4 Knowledge Ecosystem
An extension of knowledge management ideas, a Knowl-
edge Ecosystem fosters the dynamic evolution of knowledge
interactions between entities to improve decision-making
and innovation. This bottom-up approach seeks to be
more resilient [28]. In contrast to directive management
efforts that attempt either to manage or direct outcomes,
Knowledge Ecosystems espouse that knowledge strategies
should focus more on enabling self-organisation in response
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Figure 8: Knowledge Ecosystem: Key properties,
behaviours and structures based on our understand-
ing of a Generic Ecosystem. The concept of agent
from the Generic Ecosystems maps to that of meme.
to changing environments [11]. Articles discussing these
ecologically-oriented approaches typically incorporate ele-
ments of CAS [3].
There is no single agreed definition of knowledge, but
instead numerous competing theories. Still, one way to
consider knowledge constructs is as memes. A meme,
as defined within memetic theory, comprises a unit of
cultural information, the building block of cultural evolution
or diffusion that propagates from one mind to another
analogously to the way in which a gene propagates from
one organism to another as a unit of genetic information
and of biological evolution [14]. So, the concept of agent
from the Generic Ecosystems would map to that of meme.
Therefore, with memes, some knowledge will propagate
less successfully and become extinct, while others will
survive, spread, and, for better or for worse, mutate
[14]. Meme theorists contend that memes evolve by
natural selection similarly to Darwinian biological evolution
through the processes of variation, mutation, competition,
and inheritance. So we can map the concept of evolution
from the Generic Ecosystem to the more domain specific
variant, as a well as the concept of population to which the
process of evolution occurs [13].
4. APPLIED DIGITAL ECOSYSTEMS
As Figure 9 shows, with this conceptual framework
the majority of information flow for defining a Generic
Ecosystem comes, unsurprisingly, from biological ecosys-
tems. However, it also allows for the transfer of realised
abstract concepts, through the Generic Ecosystem, from one
class of ecosystem to another.
We can now define an applied Digital Ecosystem as its
combination with a Social Ecosystem; therefore, any dis-
tributed adaptive open socio-technical system, with prop-
erties of self-organisation, scalability and sustainability,
inspired by biological ecosystems, as shown in Figure 10.
The items in bold are the ones that have changed to
more domain specific concepts, with the background colours
indicating the class of ecosystem from which the concepts
originate. So, an applied Digital Ecosystem adopts the
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Figure 9: Ecosystems: The arrows represent
information flow between conceptual models of
understanding, with the majority coming from
biological ecosystems. So, an applied Digital
Ecosystem as its combination with a Social
Ecosystem.
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Figure 10: Applied Digital Ecosystem: Key
properties, behaviours and structures based on
combining concepts and understanding from Social
Ecosystems, Digital Ecosystems, and biological
ecosystems through our Generic Ecosystem.
concept of ecology from biological ecosystems, the concept
of society and community from Social Ecosystems, and the
concept of topology from Digital Ecosystems (as we will
have a digital information-centric network, rather than a
biological energy-centric or a sociological geographically-
centric one). The other concepts will depend on the
application of the Digital Ecosystem, for example evolution
from the Generic Ecosystem could map to the evolution
of biological ecosystems, evolutionary computing of Digital
Ecosystems, the co-evolution of Social Ecosystems, or a
domain specific variant of evolution from the application
space, or a combination of these. The same therefore also
applies to the concept of agent and population, to which the
process of evolution will occur. Also, the concept of society
will become more specific depending upon the application
to which the Digital Ecosystem is applied. This will be
further explained as we consider applied Digital Ecosystems
which make use of the Business and Knowledge Ecosystems.
Furthermore, all these classes of ecosystems can be modelled
through ABM as MASs, allowing us to reasonably combine
concepts from these different ecosystems.
4.1 Digital Business Ecosystem
The DBE is a proposed methodology for economic and
technological innovation. Specifically, the DBE is a software
infrastructure for supporting large numbers of interacting
business users and services [36]. It aims to be a next
generation Information and Communications Technology
(ICT) that will extend the SOA concept with the automatic
combining of available and applicable services in a scalable
architecture, to meet business user requests for applications
that facilitate business processes. In essence, the DBE will
be an Internet-based environment in which businesses will
be able to interact with each other in very effective and
efficient ways [37]. The synthesis of the concept of Digital
Business Ecosystems emerged by adding [35] digital in front
of business ecosystem [33]. The term Digital Business
Ecosystem was used earlier, but with a focus exclusively on
developing countries [34]. The generalisation of the term
to refer to a new interpretation of what socio-economic
development catalysed by ICT means was new, emphasising
the co-evolution between the business ecosystem and its
partial digital representation: the digital ecosystem. The
term Digital Business Ecosystem came to represent the
combination of these two ecosystems [36].
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Figure 11: Digital Business Ecosystem: Key
properties, behaviours and structures based on
combining concepts and understanding from Social
Ecosystems, Digital Ecosystems, and biological
ecosystems through our Generic Ecosystem.
However, we can now define a DBE as a combination
of Digital, Social, and Business Ecosystems; therefore,
any distributed adaptive open socio-technical system for
business, with properties of self-organisation, scalability
and sustainability, inspired by biological ecosystems. The
concept of environment from the Generic Ecosystem maps
to the economy of society. In addition to our definition
of applied Digital Ecosystems in the previous section, we
have mapped the abstract concept of agent, population
and evolution from the Generic Ecosystem to the domain
specific concept of business and variants of population and
evolution. The mapping proposed not only depends on how
the Digital Ecosystem would be implemented, but also how
Business Ecosystems are interpreted. For example, some
efforts in defining DBEs are more biased towards to the
Digital Ecosystem [5, 4], while more recent efforts [43] are
more aligned with this definition.
4.2 Digital Knowledge Ecosystem
We can now define a DKE as a combination of Digital, So-
cial, and Knowledge Ecosystems; therefore, any distributed
adaptive open socio-technical system for knowledge sharing
and management, with properties of self-organisation, scal-
ability and sustainability, inspired by biological ecosystems.
The concept of environment from the Generic Ecosystem
maps to that of society in a DKE. In addition to our
definition of applied Digital Ecosystems in the previous
section, we have mapped the abstract concept of agent,
population and evolution from the Generic Ecosystem to the
domain specific concept of meme and variants of population
and evolution. The mapping proposed not only depends on
how the Digital Ecosystem would be implemented, but also
how the Knowledge Ecosystem is interpreted.
Wikipedia and Arxiv.org could be considered DKEs,
because they have many of the necessary properties, ex-
cept for the topology (distributed technical infrastructure).
The Digital Ecosystem for Agriculture & Rural Livelihood
(DEAL) [10] can also be considered to be a DKE, where
the knowledge sharing and management is for the benefit
of the society of rural agriculture. However, the topology
(distributed technical infrastructure) of Digital Ecosystems
is still lacking. In addition to the required distributed
technical infrastructure, the necessary legal framework and
political support are required for the development and
deployment of Digital Ecosystems [43].
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Figure 12: Digital Knowledge Ecosystem: The key
properties, behaviours and structures of a DKE,
based on combining concepts from Social Ecosys-
tems, Digital Ecosystems, Knowledge Ecosystems
and biological ecosystems.
5. CONCLUSIONS
We have provided a conceptual and theoretical discussion,
from a computer science epistemology, of the characteristics
of Digital Ecosystems. Including a discussion of the
relevant interfaces between complexity science, sociology,
economics and biology to define the nature of Digital
Ecosystems and their application. We have provided a
conceptual framework for the cross pollination of ideas,
concepts and understanding between different classes of
ecosystems, based on the universally applicable principles
of ABM and CAS. Using ABM to interpret the different
classes of ecosystems as MASs and therefore facilitate cross-
disciplinary understanding between them. Furthermore,
we have used this approach to robustly define Digital
Ecosystems, including different classes of applied Digital
Ecosystems. Therefore, providing a framework to assist
cross-disciplinary collaboration in Digital Ecosystems re-
search.
There are of course other dimensions to Digital Ecosys-
tems to be considered, such as the necessary technical
infrastructure (i.e. access to the Internet), legal frameworks
and political support required for the development and
effective deployment of Digital Ecosystems at all levels
(economic, social, technical and political). For example,
DBEs to produce real impacts in the economic activities
of regions through the improvement of their Small and
Medium sized Enterprise (SME) business environments [43].
Also the realisation of Digital Ecosystems in the context of
emerging computational paradigms, such as Cloud Comput-
ing and Sustainable Computing, which have the potential
to radically change the landscape of computational resource
provisioning [7]. For example, Digital Ecosystems risk being
subsumed into Cloud Computing at the infrastructure level,
while striving for decentralisation at the service level, which
would clearly be incompatible with its principles. So, the
realisation of the Digital Ecosystems vision requires a form
of Cloud Computing, but within the principle of distributed
community-based infrastructure, where individual users
share ownership [29]. Sustainable Computing is concerned
with achieving environmental sustainability, while abiding
by social and ethical responsibilities. So, while Digital
Ecosystems would be socially sustainable, there is a lack of a
position on environmental sustainability, which is becoming
of ever greater importance. We believe that a framework for
understanding, such as we propose here, will be required to
affectively address these and other, issues and dimensions
of Digital Ecosystems.
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